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(54) Anatomically shaped Vasoocclusive devices 



(57) This is a vasoocclusive device which ; as used, 
is in the approximate shape of an anatomical cavity. It 
may be deployed as a sphere, an ovoid, or other distort- 
ed spherical shape. The device is a self-forming shape 
made from a pre-formed vasoocclusion member. Prior 
to deployment, the vasoocclusive device is sufficiently 
straight that it is able to be pushed from a vascular cath- 
eter without excessive friction. The vasoocclusion mem- 
ber may be a small helical coil or braid variously com- 
prising a suitable metal, or, in the case of a braid, such 
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metal may be co-woven with various polymeric or natu- 
ral fibers. Fibers may be introduced onto the device and 
affixed to the member. The constituent member may be 
also be covered with a fibrous braid. The device is typ- 
ically introduced through a catheter. The device is 
passed axially through the catheter sheath and as- 
sumes its form upon exiting the catheter without further 
action. The invention also includes methods of winding 
the anatomically shaped vasoocclusive device into ap- 
propriately shaped forms and annealing them to form 
various devices. 
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Description 

Field of the Invention 

This invention is a vasoocclusive device. More par- 
ticularly, it is a vasoocclusive device which, as used, is 
in the approximate shape of an anatomical cavity. It may 
be ultimately deployed as a sphere an ovoid, or other 
distorted spherical shape. The device is a self-forming 
shape made from a pre-formed vasoocclusion member. 
Prior to deployment, the vasoocclusive device is suffi- 
ciently straight that it is able to be pushed from a vas- 
cular catheter without excessive friction. The vasoocclu- 
sion member may be a small helical coil or braid vari- 
ously comprising a suitable metal, or, in the case of a 
braid, such metal may be co-woven with various poly- 
meric or natural fibers. Fibers may be introduced onto 
the device and affixed to the member. The constituent 
member may be also be covered with a fibrous braid. 
The device is typically introduced through a catheter. 
The device is passed axially through the catheter sheath 
and assumes its form upon exiting the catheter without 
further action. The invention also includes methods of 
winding the anatomically shaped vasoocclusive device 
into appropriately shaped forms and annealing them to 
form various devices. 

Background of the Invention 

Vasoocclusion devices are surgical implements or 
implants that are placed within the vasculature of the 
human body, typically via a catheter, either to block the 
flow of blood through a vessel making up that portion of 
the vasculature through the formation of an embolus or 
to form such an embolus within an aneurysm stemming 
from the vessel. One widely used vasoocclusive device 
is a helical wire coil having windings which may be di- 
mensioned to engage the walls of the vessels. Other 
less stiff helically coiled devices have been described, 
as well as those involving woven braids. 

For instance, U.S. Patent No. 4,994,069, to Ritchart 
etal., describes a vasoocclusive coil that assumes a lin- 
ear helical configuration when stretched and a folded, 
convoluted configuration when relaxed. The stretched 
condition is used in placing the coil at the desired site 
(by its passage through the catheter) and the coil as- 
sumes a relaxed configuration - which is better suited 
to occlude the vessel - once the device is so placed. 
Ritchart et al. describes a variety of shapes. The sec- 
ondary shapes of the disclosed coils include "flower" 
shapes and double vortices. A random shape is de- 
scribed, as well. 

Vasoocclusive coils having attached fibrous ele- 
ments in a variety of secondary shapes are shown in U. 
S. Patent No. 5,304,1 94, to Chee et al. Chee et al. de- 
scribes a helically wound device having a secondary 
shape in which the fibrous elements extend in a sinu- 
soidal fashion down the length of the coil. These coils, 



as with Ritchart et al., are produced in such a way that 
they will pass through the lumen of a catheter in a gen- 
erally straight configuration and, when released from the 
catheter, form a relaxed or folded shape in the lumen or 
5 cavity chosen within the human body. The fibrous ele- 
ments shown in Chee et al. enhance the ability of the 
coil to fill space within the vasculature and to facilitate 
formation of embolus and subsequent allied tissue. 
There are a variety of ways of discharging shaped 
10 coils and linear coils into the human vasculature. In ad- 
dition to those patents which apparently describe only 
the physical pushing of a coil out into the vasculature 
(e.g., Ritchart et al.), there are a number of other ways 
to release the coil at a specifically chosen time and site. 
15 U.S. Patent No. 5,354,295 and its parent, 5,122,136, 
both to Guglielmi et al., describe an electrolytically de- 
tachable embolic device. 

A variety of mechanically detachable devices are 
also known. For instance, U.S. Patent No. 5,234,437, to 
20 Sepetka, shows a method of unscrewing a helically 
wound coil from a pusher having interlocking surfaces. 
U.S. Patent No. 5,250,071, to Palermo, shows an em- 
bolic coil assembly using interlocking clasps mounted 
both on the pusher and on the embolic coil. U.S. Patent 
25 No. 5,261 ,916, to Engelson, shows a detachable push- 
er-vasoocclusive coil assembly having an interlocking 
ball and keyway-type coupling. U.S. Patent No. 
5,304, 1 95, to Twyford et al. , shows a pusher-vasoocclu- 
sive coil assembly having an affixed, approximately ex- 
30 tending wire carrying a ball on its proximal end and a 
pusher having a similar end. The two ends are inter- 
locked and disengage when expelled from the distal tip 
of the catheter. U.S. Patent No. 5,312,415, to Palermo, 
also shows a method for discharging numerous coils 
35 from a single pusher by use of a guidewire which has a 
section capable of interconnecting with the interior of the 
helically wound coil. U.S. Patent No. 5,350,397, to Pal- 
ermo et al.. shows a pusher having a throat at its distal 
end and a pusher through its axis. The pusher sheath 
40 will hold onto the end of an embolic coil and will then be 
released upon pushing the axially placed pusher wire 
against the member found on the proximal end of the 
vasoocclusive coil. 

Vasoocclusive coils having little or no inherent sec- 
45 ondary shape have also been described. For instance, 
in U.S. Patent Application 07/978,320, filed November 
18, 1992, entitled "Ultrasoft Embolization Coils with Flu- 
id-Like Properties" by Berenstein et al., is found a coil 
having little or no shape after introduction into the vas- 
50 cular space. 

Common to all of these devices described above is 
the characteristic of lacking a spheroid shape when re- 
laxed. 



This invention is a vasoocclusive device comprising 
one or more vasoocclusive members which are wound 
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to form a generally spherical or ovoid shape when re- 
laxed. The vasoocclusive member itself may be a heli- 
cally wound coil or braid typically comprising a biocom- 
patible metal. Fibrous materials may be woven into the 
member or tied or wrapped onto it. Desirably the device 
is of a size and shape suitable for fitting sougly within a 
vascular cavity (e.g., an aneurysms or perhaps, a fistu- 
la). 

The device may be made in a variety of ways. Typ- 
ically, the member is helically wound (if a coil) or braided 
in a generally linear fashion. After completion of that 
step, it is then wound around an appropriately shaped 
mandrel or form and heat-treated in such a fashion that 
it will retain its shape after removal from the heating 
form. Auxiliary fibrous materials are then added by 
weaving, tying, or by other suitable permanent attach- 
ment methods. 

The device is used simply by temporarily straight- 
ening the device and introducing it into a suitable cath- 
eter, the catheter already having been situated so that 
its distal opening is within the mouth of the vascular 
crevice or opening to befilled. The device is then pushed 
through the catheter and, upon its emanation at the dis- 
tal end of the catheter into the vascular cavity, assumes 
its relaxed shape. 

Brief Description of the Drawings 

Figure 1 shows a side view of a spherical device 
made according to the invention using a helical coil. 

Figure 2 shows a top view of the device shown in 
Figure 1 . 

Figure 3 shows a side view of a device having an 
oval cross-section made according to the invention. 

Figure 4 shows a top view of the device shown in 
Figure 3. 

Figure 5 shows a side view of a device made ac- 
cording to the invention using a braided member. 

Figure 6 shows a magnified section of a helical coil 
as could be used in the inventive device having filam- 
entary material attached through the loop of the device. 

Figure 7 shows a combination device in which the 
member is an inner metallic coil covered by an outer fi- 
brous braided covering. 

Figure 8 shows a mandrel suitable for winding upon 
and heat-treating any device made according to the in- 
vention. 

Figure 9 shows a procedure for using the Figure 8 
mandrel for producing the Figure 1 and 2 vasoocclusive 
device. 

Figure 10 shows an alternative mold suitable for 
shaping a section of vasoocclusive member during 
heat-treating so to produce a final spheroid shape. 

Figure 11 is a graph depicting friction of the inven- 
tive device against a standardized catheter wall during 
deployment. 



DESCRIPTION OF THE INVENTION 

Figure 1 shows one highly desirable variation of this 
invention - a spherical coil (100). The variation shown 

5 is simple in that it has a helically wound coil or vasooc- 
clusive member (102). The vasoocclusion coil (102) has 
been wound in a cage-like structure so to have eight 
arms spaced generally equally about the sphere. It is 
clearly not necessary that the coil secondary shape be 

10 precisely spaced around the exterior of the spherical 
shape (100), but it is desirable from a mechanical point 
of view that such a spacing be approached. That is to 
say that the shape of the coil (1 00) is better maintained 
within the anatomical cavity when the coil hoop stress 

15 is equally maintained against the cavity wall. 

Figure 2 shows a top view of the spherical coil (1 00) 
shown in Figure 1 . Figure 2 depicts the regular spacing 
of the single coil member (102) wound to form the in- 
ventive device. Although the Figure 1 and Figure 2 var- 

20 iations show the resulting pattern of wrapping for coil 
(102) to be fairly regular and forming two opposing 
"poles" on the device, clearly such is not necessary. It 
is our intent only that the coil member (102) be in a cage- 
like structure where at least 90-95% of the coil is in the 

25 outer 1 0-15% of the diameter of the device (1 00). Some- 
what more random placement of coil (100) is permissi- 
ble and, in many instances, even desired. 

As will be discussed below, the manner of wrapping 
the coil about the shape-producing mandrel is some- 

30 what important to the ultimate operation of the device 
during deployment. The magnitude of the various bends 
placed in the primary shape of the coil in producing the 
secondary shape must not be so acute as to result in 
excessive resistance against the catheter wall during 

35 deployment. In particular we have found that bends in 
the primary coil form which are greater than about 1 35° 
often cause "pushing" resistance levels which are unac- 
ceptable. Primary coil bends of about 45° or greater, e. 
g. ; of 135° and 90°, are acceptable in this invention. 

40 Bends of 45°, 90° , and 135° are shown in Figure 2. Fur- 
thermore, lack of thought in selecting the appropriate 
number of loops and the relative magnitude of the se- 
quential bend selection will result in a coil which does 
not result in a sustainable spherical shape. For instance, 

45 we found that a bend sequence of 90°, 90° , 45° resulted 
in a coil which would not retain a spherical secondary 
shape after deployment. 

The material used in vasoocclusive member (102) 
may be any of a wide variety of materials; preferably, 

50 the wire is a radiopaque material such as a metal or a 
polymer. Suitable metals and alloys for the wiring in- 
clude Platinum Group metals, especially platinum, rho- 
dium, palladium, as well as tungsten, gold, silver, tanta- 
lum, and alloys of these metals. Highly preferred is a 

55 platinum/tungsten alloy. 

The wire may also be of any of a stainless steel if 
some sacrifice of radiopacity may be tolerated. Very de- 
sirable materials of construction, from a mechanical 
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point of view, are materials which maintain their shape 
despite being subjected to high stress. Certain "supere- 
lastic alloys" include nickel/titanium alloys (48-58 atomic 
% nickel and optionally containing modest amounts of 
iron); copper/zinc alloys (38-42 weight % zinc); copper/ 
zinc alloys containing 1-10 weight % of beryllium, sili- 
con, tin, aluminum, or gallium; or nickel/aluminum alloys 
(36-38 atomic % aluminum). Particularly preferred are 
the alloys described in U.S. Patent Nos. 3,174,851; 
3,351,463; and 3,753,700. Especially preferred is the ti- 
tanium/nickel alloy known as "nitinol". These are very 
sturdy alloys which will tolerate significant flexing with- 
out deformation even when used as a very small diam- 
eter wire. 

The coils may be made of radiolucent fibers or pol- 
ymers (or metallic threads coated with radiolucent or ra- 
diopaque fibers) such as polyesters (e.g., DACRON), 
polyglycolic acid, polylactic acid, fluoropolymers (poly- 
tetrafluoroethylene or TEFLON), polyamides (e.g., NY- 
LON'S), or even silk. Should a polymer be used as the 
major component of the vasoocclusive member (100), 
it is desirably filled with some amount of a radiopaque 
material such as powdered tantalum, powdered tung- 
sten, bismuth oxide, barium sulfate, and the like. 

Generally speaking, when the device (100) is 
formed of a metallic coil as the vasoocclusive member 
(102) and that coil is platinum or a superelastic alloy 
such as nitinol, the diameter of the wire used in the pro- 
duction of the coil will be in the range of 0.0005 and 
0.006 inches. The wire of such diameter is typically then 
wound into a coil having a primary diameter of between 
0.005 and 0.018 inches. The preferable diameter is 
0.010 to 0.01 8 inches. We have generally found that the 
wire should be of sufficient diameter to provide a hoop 
strength to the resulting device sufficient to hold the de- 
vice in place within the chosen body cavity without dis- 
tending the wall of the cavity and without moving from 
the cavity as a result of the repetitive fluid pulsing found 
in the vascular system. 

Obviously, should a superelastic alloy such as niti- 
nol be used, the diameter of the coil wire may be signif- 
icantly smaller than that used when the relatively ductile 
platinum or platinum/tungsten alloy is used as the ma- 
terial of construction. 

Finally, as regards Figure 1 , we have found that the 
overall diameter of the device (100) desirably is between 
3 and 1 2 millimeters. Most aneurysms within the cranial 
vasculature can be treated by one or more devices hav- 
ing those diameters. 

Figure 3 shows a variation of the invention in side 
view in which the shape of the anatomically conforming 
vasoocclusive device is oval or egg-shaped. Other than 
the final shape of device (104), the Figure 3 device is 
similar to that shown in Figure 1 . It is of little importance 
which axis of the ovoid structure (104) is the major axis 
and which is the minor axis. In general, it is desirable 
that the device be constructed in such a way that the 
resulting relaxed device have a shape similar to the cav- 



ity into which it is placed. 

Figure 4 shows a top view of the device shown in 
Figure 3. Again, as was discussed above, the device 
need not have its constituent vasoocclusive members 
s (102) wound as regularly as is shown in Figure 4. The 
configuration of the winding may be somewhat more 
random but should still conform to the parameter that at 
least 90% of the mass of the member should be within 
the outer 10-15% of the relaxed (104) shape. 
10 Figure 5 shows another variation of the inventive 
device in which the device (1 06) is comprised of a small, 
braided vasoocclusive element (108). This braided ele- 
ment (108) is typically a tubular element made com- 
pletely or partially of regularly or randomly included ra- 
15 diopaque wires. The braid may optionally be partially 
woven of, or co-woven with, radiolucent fibers or wires. 
The braided member may be woven using known weav- 
ing techniques and devices to form the tubular member 
(1 08) shown in Figure 5. The wire or fibers used in the 
20 production of the braid will typically be fairly small, e.g., 
in the range of 0.0005 to 0.0015 inches. The resulting 
woven braid diameter will normally be 0.008 to 0.018 
inches. The braid structure is typically not as compliant 
as is that of the coil. Consequently, a more ductile ma- 
25 terial such as platinum may be preferable in such a de- 
vice. Additionally, the braid structure permits introduc- 
tion of fibrous materials such as Dacron and the other 
filaments noted above which promote formation of a 
thrombus. 

30 The fibrous elements incorporated into the braid 
may be a bundle of individual fibers, e.g., between 5 and 
100 fibers per fibrous bundle, preferably 20-30 fibers per 
bundle, or may be monofilaments. 

As was noted above, it may be desirable in certain 
35 circumstances to add fibrous materials outlying the va- 
soocclusive core so to provide additional bulk and area 
for creation of emboli. 

The braided device (1 06) shown in Figure 5 may be 
ovoid or of a deformed spherical shape as was the case 
40 with each of the devices described above. By the term 
"distorted" or "deformed" spherical shape, we mean a 
shape which includes spherical as well as shapes such 
as ovate or ovoid, but in any event having two orthogo- 
nal cross sections which are closed shapes having no 
45 straight sides. 

Figure 6 shows a magnified side view of a portion 
of vasoocclusive coil (110) as may be used in the vari- 
ations of the invention shown in Figures 1-4. Attached 
to the vasoocclusive coil (110) are two distinct methods 
50 of attaching fibrous materials to coil (1 1 0). First is a se- 
ries of looping fibers (112), which are looped through or 
tied to coil (110) and continue axially down the coil. An- 
other variation is the tuft (114) shown tied or otherwise 
affixed to coil (110). Tufts (11 4) are tied at multiple sites 
55 through the coil (110) so to provide a vast area of em- 
bolus forming sites. 

Figure 7 shows still another variation and method 
for increasing the embolism-forming capability and rate 
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of the device. Figure 7 shows an embolic, helically 
shaped coil (1 1 6) covered by a fibrous braid (118) . The 
method for producing the variation shown in Figure 6 is 
described in U.S. Patent Nos. 5,226,911 and 5,304,1 94 
to Chee. The manner of producing the variation shown 
in Figure 7 is described in U.S. Patent No. 5,382,259, 
to Phelps and Van. The manner of making a co-woven 
braid using radiopaque fibers is shown in U.S. Patent 
Application No. 08/005,478, filed January 15, 1993, to 
Engelson and Samson. Each of these techniques may 
be used in making the vasoocclusive devices described 
herein. 

Figure 8 depicts a mandrel suitable for making a 
spherical-shaped vascocclusive device. The mandrel 
consists of three small metallic rods (122) and a core 
(1 24). The core is typically made of some refractory ma- 
terial such as alumina or zircon ia or alumina-zirconia 
(for heat-treating devices made of purely metallic com- 
ponents or may be made of a ball of a metallic coil ma- 
terial). The function of core (104) is simply to form a sup- 
port for winding, not pollute the device during the heat- 
treatment step to be described below, and provide a 
specific form to the device during that heat-treatment 
step. 

Typically, the coil or braid is wound in the shape 
found in Figures 1 -5 onto the core (1 24) found in Figure 
8. The core may instead be a distorted spherical shape, 
e.g., egg-shaped. It is held in place at the end of the 
wrapping step by simply winding the vasoocclusive el- 
ement about one of the metallic rods (122). 

If the entire then-wound device is metallic, it may 
be placed in an oven at an appropriate temperature to 
"set" the form of the device. If the device is a platinum 
alloy or of nitinol, such an appropriate temperature is 
1100°F. for 4 hours to provide a modest amount of pre- 
shaping to the resulting vasoocclusive device. After 
cooling, the device is removed from the core (124) and 
any filamentary material then attached. The vasoocclu- 
sive device is then placed in a cannula or catheter for 
delivery ultimately into a selected body cavity. 

Should the make-up of the vasoocclusive element 
not be solely metal - in that it contains readily meltable 
plastic or the like - the temperature at which the heat 
treatment takes place is significantly lower and typically 
for a significantly shorter period of time. The flexural 
modulus of most plastics being significantly lower than 
those of metals, the bulk of the polymer-based device 
will be significantly larger than that of the metal-based 
device. 

Figure 9 shows a shadowed mandrel (125) made 
according to the Figure 8 discussion which depicts the 
procedure for wrapping a primary coil (102) around the 
rods (1 22) in a sequence which results in the secondary 
spheroidal shape shown in Figures 1 and 2. The proce- 
dure for wrapping of the mandrel (1 25) may be followed 
from the point marked "start" through a series of turns 
(respectively 0°, 45°, 90°, 135°) to form the spheroid. 

Figure 1 0 shows a "candy mold"-type device for ren- 



dering a shape to the inventive devices. The mold 
shown in Figure 9 is typically of metallic composition so 
to allow it to be placed in an oven along with its contents. 
The way in which this device operates is somewhat 

5 more random than that shown in Figure 8. The two 
halves of mold (130) close to form a cavity having a 
shape and size similar to the aneurysm into which the 
vasoocclusive device is to be placed. The left-hand cav- 
ity may be seen in (132); the right-hand cavity may be 

10 seen in (1 34). In this variation is a small slot (1 36) and 
(1 38) formed at the seam of device (130). After closing 
heat-treating device (130) in the manner shown by the 
arrow, a small opening made up of slots (1 36) and (1 38) 
may be seen from the outside. A length of previously 

15 wound or braided vasoocclusive member is fed in 
through that opening. Again, except for the very ends of 
the member inserted through the hole of (136) and 
(1 38), the majority of the member will lay against the 
interior wall of mold (130). Again, if the vasoocclusive 

20 device is to be produced from only a metal, the mold, 
with its included vasoocclusive member, is introduced 
into an oven for heat treatment at an appropriate tem- 
perature and for an appropriate time, such as discussed 
above. 

25 Practitioners in this medical device area will un- 
doubtedly have other ways of producing the noted ana- 
tomically shaped vasoocclusive devices. 

The vasoocclusive devices of this invention may be 
used in a manner similar to those methods described in 
30 U.S. Patent No. 4,994,069. Briefly, the inventive devices 
are typically to be supplied in a prepackaged form in a 
sterile cannula which is adapted to engage the proximal 
end of a catheter. Once the catheter is in place within a 
vessel and the distal end of the catheter is placed into, 
35 e.g., a mouth of an aneurysm, the vasoocclusive device 
is inserted into the aneurysm, where it assumes its re- 
laxed shape. Although the device may be used with a 
flexible pusher without connection to the vasoocclusive 
device described here, much more desirable is the use 
40 of a mechanically detachable coupling on the vasooc- 
clusive device and the pusher. Any of the mechanically 
detachable couplings described above in the Back- 
ground of the Prior Art would be suitable in this instance. 
The methodology described by Guglielmi described 
45 above is also suitable. 

It is within the scope of this invention that proce- 
dures for incorporating first the cage-like devices of this 
invention into an aneurysm or other vascular cavity be 
followed by introduction of other vasoocclusive devices 
50 such as coils or braid into the center of these cages to 
produce fine physical stability. Especially useful would 
be the shaped coils shown in Ritchart et al. discussed 
above or the ultrasoft embolism coils described in U.S. 
Patent Application 07/958,320, filed November 18, 
55 1992, to Berenstein. 
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EXAMPLE 1 

We produced a series of spherical coils having out- 
side diameters of 4mm ; 6mm, 8mm, and 10mm from a 
primary coil winding which in turn was produced from 
0.004" platinum wire wound over a 0.007" OD mandrel 
with no spacing between the coil turns. The outside di- 
ameter of the primary coil was therefore 0.015". The 
0.004" diameter wire was chosen for optimum flexibility; 
coils of the noted size had been previously built with 
0.003" platinum wire and they were not able to maintain 
their spherical shape after deployment. The coils were 
wound into spherical shapes using the procedure dis- 
cussed with respect to Figure 1 0 and annealed at a tem- 
perature of 1 1 00° F for four hours. 

We pushed three of each of these coils through a 
Target Therapeutics TRACKER-18 catheter (1 50cm to- 
tal length with an inner diameter of 0.021") which had 
been strung through a tortuous path of five turns vari- 
ously around three 1" diameter pins and two 0.5" pins. 
The coils were pushed to a starting position approxi- 
mately 25 cm from the distal end of the catheter. A saline 
flush was then begun. The force needed to push the 
each of the coils for increments of 5cm was then meas- 
ured. The results of this testing is shown in Figure 11. 
Each of the coils reflected an acceptable level of resist- 
ance in deployment. Each of the coils maintained a 
spherical shape upon ejection from the catheter. 

EXAMPLE 2 

We constructed a transparent, elastic, polymeric 
model, each with two rows of lateral wall aneurysms for 
comparison - two each at diameters of 10, 8, 6 : and 4 
millimeters. One row had narrow necks (less than 50% 
of aneurysm diameter), the other had wide necks (great- 
er than 50% of aneurysm diameter). The model was per- 
fused both with Newtonian and with non-Newtonian flu- 
ids flowing at physiologic volumes and pulse profiles. 
We injected isobaric dyes and observed the flow dynam- 
ics. We then delivered various sizes and kinds of coils 
to each of the aneurysms and observed changes in flow 
dynamics. 

We observed that the angular velocities within the 
aneurysm varied inversely with aneurysm diameter. 
That is to say that smaller aneurysms had a faster an- 
gular flow velocities. We also observed that aneurysms 
with wider necks had more rapid peripheral flow than 
those with smaller necks. Surprisingly, both small-neck 
aneurysms and wide-neck aneurysms were observed 
to have high angular flow velocities. Spherical coils in- 
troduced into the aneurysms markedly decreased the 
angular velocity by creating internal friction or by insu- 
lating the fluid in the aneurysm from that section of the 
parent artery. 

The coils made from 0.004-inch platinum wire re- 
mained stable within the small aneurysms. In larger an- 
eurysms, especially those with wide necks, greater 



hoop strength seemed desirable for physical stability 
within the aneurysm. 

Modification of the above-described variations for 
carrying out the invention which are obvious to those of 
5 ordinary skill in the fields of medical device design gen- 
erally, and vasoocclusive devices specifically, are in- 
tended to be within the scope of the following claims. 

10 Claims 

1. A vasoocclusive device comprising a vasoocclusive 
member wound into and self-forming into a spheri- 
cal or distorted spherical form. 

15 

2. The device of claim 1, where the vasoocclusive 
member is a helically wound coil or a braided tubu- 
lar element. 

20 3. The device of claim 1 or claim 2, where the form is 
ovoid. 

4. The device of any one of the preceding claims, 
where the form has a diameter and at least 90% of 

25 the vasoocclusive member is within the outer 15% 
of said diameter. 

5. The device of any one of the preceding claims, 
where the vasoocclusive member comprises a met- 

30 al selected from platinum, palladium, rhodium, gold, 
tungsten, and their alloys. 

6. The device of any one of claims 1 to 4, where the 
vasoocclusive member comprises an alloy selected 

35 from stainless steels and super-elastic alloys. 

7. The device of claim 6, where the vasoocclusive 
member comprises nitinol. 

40 8. The device of any one of claims 1 to 4, where the 
vasoocclusive member comprises a polymer con- 
taining a radiopaque filler. 

9. The device of any one of claims 1 to 4, wherein the 
45 vasoocclusive member is a braided tubular element 

woven from threads comprising a metal selected 
from platinum, palladium, rhodium, gold, tungsten, 
and their alloys or from a metal selected from stain- 
less steels and super-elastic alloys and polymeric 
50 threads are cowoven with the metal threads. 

10. The device of any one of the preceding claims, ad- 
ditionally comprising polymeric fibers attached to 
said vasoocclusive member. 



55 

11. A method for producing a vasoocclusive device of 
the form claimed in any one of the preceding claims, 
the method comprising: 



6 
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a) winding a generally linear vasoocclusive 
member onto a mandrel having a spherical or 
distorted spherical form; and 

b) heating the mandrel and vasoocclusive 
member to produce the vasoocclusive device. s 

12. The method of claim 11, where the step of heating 
is at about 1100°F. 

10 
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Fig. 4 
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Fig. 5 
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